We show that the chemical inhomogeneity in ternary three-dimensional topological insulators preserves the topological spin texture of their surface states against a net surface magnetization. The spin texture is that of a Dirac cone with helical spin structure in the reciprocal space, which gives rise to spin-polarized and dissipation-less charge currents. Thanks to the nontrivial topology of the bulk electronic structure, this spin texture is robust against most types of surface defects. However, magnetic perturbations break the timereversal symmetry, enabling magnetic scattering and loss of spin coherence of the charge carriers. This intrinsic incompatibility precludes the design of magnetoelectronic devices based on the coupling between magnetic materials and topological surface states. We demonstrate that the magnetization coming from individual Co atoms deposited on the surface can disrupt the spin coherence of the carriers in the archetypal topological insulator Bi2Te3, while in Bi2Se2Te the spin texture remains unperturbed. This is concluded from the observation of elastic backscattering events in quasiparticle interference patterns obtained by scanning tunneling spectroscopy. The mechanism responsible for the protection is investigated by energy resolved spectroscopy and ab initio calculations, and it is ascribed to the distorted adsorption geometry of localized magnetic moments due to Se-Te disorder, which suppresses the Co hybridization with the surface states. 
spin texture of their surface states against a net surface magnetization. 18 The spin texture is that of a Dirac cone with helical spin structure in coupling between magnetic materials and topological surface states. We demonstrate that the magnetization coming from 27 individual Co atoms deposited on the surface can disrupt the spin coherence of the carriers in the archetypal topological insulator 28 Bi 2 Te 3 , while in Bi 2 Se 2 Te the spin texture remains unperturbed. This is concluded from the observation of elastic backscattering 29 events in quasiparticle interference patterns obtained by scanning tunneling spectroscopy. The mechanism responsible for the 30 protection is investigated by energy resolved spectroscopy and ab initio calculations, and it is ascribed to the distorted adsorption 31 geometry of localized magnetic moments due to Se−Te disorder, which suppresses the Co hybridization with the surface states. 1−3 It is called a topological surface 37 state (TSS) because it arises from the combination of a 38 topologically nontrivial electronic structure of the bulk and 39 strong spin−orbit coupling. 2,4,5 As a consequence, the TSS 40 exhibits a helical spin structure due to spin-momentum 41 locking. 6−8 Thus, the probability of large scattering vectors 42 (q) is dramatically suppressed 9,10 since the initial state has null 43 or negligible projection onto the final one in spin space. In 44 particular, backscattering is quantum mechanically pro-45 hibited. 6, 9 This provides coherent spin currents in response 46 to an electric field.
47
Given the size of the bulk bandgap of about 0.3 eV in 48 Bi 2 (Se,Te) 3 TSSs with scattering centers deposited on the surface. 30 In Figure 1a) . The interaction between 121 quintuple layers is weaker (van der Waals) than between the 122 layers inside. Thus, these crystals are naturally cleaved along 123 these outer layers (hexagonal faces in Figure 1a ). For Bi 2 Te 3 , 124 the cleaved surface is Te-terminated as evidenced by the 125 homogeneous atomically resolved STM topography (Support-126 ing Information Figure S1 ). In contrast, BST topography 127 presents an inhomogeneous surface segregated in regions of a 128 few nanometers in size, as shown in Figure 1b Nano Letters Table S2 and Note 2 for computa-171 tional details). Based on the theoretical distortions, Figure 2d 172 sketches possible adsorption geometries for the atom in Figure  173 2b. The typical apparent shapes of Co on BST at V bias = −600 174 mV are shown in Figure 2c . into account that the associated raise of tunneling probability is Figure S5 ), likely related to the multiple adsorption sites, the 209 overlap of spectra over atoms and over the surface within the 210 bulk band gap is a reproducible feature. Consequently, the total 211 absence of Co LDoS inside the TSSs energy range is a strong 212 evidence for the lack of hybridization of Co states and the TSSs 213 in BST.
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Co b atoms exhibit an atomic resonance far below the energy 215 range of the Dirac cone, at around −550 mV (see 216 Supplementary Figure S5) , which is responsible for their larger 217 apparent height in topography at −600 mV (Figure 3a) . The 218 resonance found in Co s slightly below the Dirac point at −300 219 mV (Figure 3b ) can be interpreted as a true atomic state, or 220 alternatively as the fingerprint of a bound state owing to the 221 confining electrostatic potential created by a point-like 222 impurity. 20 In the latter case, the coupling mechanism is of 223 purely electrostatic origin, which cannot induce magnetic 224 coupling between the TSS and the Co moment. In addition, 225 taking into account the spatial extent of this resonance of less 226 than 1 nm observed in the red profiles of Figure 3a , the average 227 interatomic distance of ca. 6 nm in our sample impedes the 228 formation of a delocalized bound state band. In the case that 229 the Co s resonance stems from an atomic orbital, its spectral 230 weight in the region of TSS is given by the small tail of the 231 onset starting right at the Dirac point, where the TSS density of 232 states is minimal. Altogether, the coupling of Co s atoms to the 233 TSS can be considered marginal.
234
In contrast to BST, Figure 3e shows strong LDoS resonances 235 within the TSSs region of Co atoms adsorbed on Bi 2 Te 3 , in 236 particular the ones shown in Figure 3d . On this surface, the 237 atoms are visible in constant current topography images inside 238 the entire bulk band gap region (Figure 3f) , and certainly at the 239 energy position corresponding to the resonances found at the 240 two high symmetry Co adsorption sites (Figure 3d) Figure 5c ), that are detected in the FFT dI/dV maps 253 of undoped surfaces as energy dispersing bright spots along the f4f5 254 ΓM direction with 6-fold symmetry, Figure 4 . In Figure 5a ,b, 255 we show the dependence of q ΓM on energy (black symbols), 256 where the expected linear dispersion for Dirac Fermions in 257 both Bi 2 Te 3 and BST is observed. For energies near the Dirac 258 point (DP), the hexagonal warping is so weak that scattering 259 along ΓM extinguishes. The ΓM scattering allows us to obtain 260 the DP by fitting the dispersion relation to a linear regression. 261 In the case of the BST crystal, to accurately locate the DP we (Figure 5a ).
289
Then, we can unambiguously conclude that Co doping opens Nano Lett. XXXX, XXX, XXX−XXX 290 backscattering channels at an applied field of 3 T and therefore 291 breaks TRS.
292
The scenario in BST is very different (Figure 5c , bottom 293 row). QPI patterns along ΓM direction persist after Co doping, 294 but no intensity was detected along the ΓK direction at any 295 V bias around Fermi level. A quenching of the Co magnetic 296 moment upon adsorption in BST is ruled out from the robust 297 magnetic moment of Co, ranging 1.4 to 2.0 μB, obtained in 298 DFT calculations for the disordered surface (Supporting 299 Information Table S2 ). To discard a possible magnetic or 300 structural coupling among Co sites in BST, we have confirmed 301 that the ground state magnetic moment is robust against a 302 coverage decrease from 0.25 to 0.11 ML. According to the 303 calculations, the overall easy axis for the magnetic moment is 304 out-of-plane. Only 25% of Co sites relax to a ground state with 305 larger in-plane magnetization component. In those cases, the 306 weak magneto-crystalline anisotropy can be overcome by the 3 307 T out-of-plane field (Supporting Information Note 2), as was 308 found for the magnetic dichroism of 0.01 ML Co on Bi 2 Se 3 . 
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